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(54) MODE CUT FILTER AND OPTICAL TRANSMITTER-RECEIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a short wave optical transmitter- 
receiver which is usable in an optical fiber having a single transmission 
mode in a long wavelength region. 

SOLUTION: An optical transmitter-receiver furnished with a mode cut J_st 
filter which is composed by connecting an optical fiber or an optical 
waveguide having a single transmission mode for a long wavelength 
(wavelength is 1.2 to 1.7 ^m) and an optical fiber or an optical waveguide 
having a single transmission mode for short wavelength (wavelength is 
0.6 to 1.0 ftm) is provided. With this composition, a high order mode 
which is generated when a short wavelength light is transmitted in the 
optical cable having a single transmission mode for long wavelength is 
eliminated, thus a wide band transmission is performed by using an 
inexpensive short wavelength optical transmitter-receiver. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The mode cut-off filter characterized by connecting the 1st optical fiber which has a single 
transmission mode in the 1st wavelength, and the 2nd optical fiber which produces a multiplex transmission 
mode in the 1st wavelength of the above, and has a single transmission mode in the 2nd wavelength with 
wavelength longer than the 1 st wavelength of the above. 

[Claim 2] The mode cut-off filter characterized by connecting the 2nd optical fiber which has a single 
transmission mode in the 1st optical fiber which has a single transmission mode in the wavelength of 0.60 
micrometers thru/or the existing wavelength of 1.0 micrometers, the wavelength of 1.20micro t or the existing 
wavelength of 1.70 micrometers. 

[Claim 3] The mode cut-off filter characterized by for the 1st optical fiber especially having a single transmission 
mode especially in the wavelength of 0.75 micrometers thru/or the existing wavelength of 0.88 micrometers, and 
the 2nd optical fiber having a single transmission mode in the mode cut-off filter of claim 2 ****** in the 
wavelength of 1.30micro thru/or the existing wavelength of 1.65 micrometers. 

[Claim 4] The mode cut-off filter characterized by connecting the optical waveguide which has a single 
transmission mode in the 1st wavelength, and the optical fiber which produces a multiplex transmission mode in 
the 1st wavelength of the above, and has a single transmission mode in the 2nd wavelength with wavelength 
longer than the 1st wavelength of the above. 

[Claim 5] The mode cut-off filter characterized by connecting the optical fiber which has a single transmission 
mode in the optical waveguide which has a single transmission mode in the wavelength of 0.60 micrometers 
thru/or the existing wavelength of 1.0 micrometers, the wavelength of 1.20micro f or the existing wavelength of 
1.70 micrometers. 

[Claim 6] The mode cut-off filter characterized by for said optical waveguide especially having a single 
transmission mode especially in the wavelength of 0.75 micrometers thru/or the existing wavelength of 0,88 
micrometers, and sard optical fiber having a single transmission mode in a mode cut-off filter according to claim 
5 in the wavelength of 1.30micro thru/or the existing wavelength of 1.65 micrometers. 

[Claim 7] The mode cut-off filter characterized by connecting the optica! fiber which has a single transmission 
mode in the 1st wavelength, and the optical waveguide which produces a multiplex transmission mode in the 1st 
wavelength of the above, and has a single transmission mode in the 2nd wavelength with wavelength longer than 
the 1st wavelength of the above. 

[Claim 8] The mode cut-off filter characterized by connecting the optical waveguide which has a single 
transmission mode in the optical fiber which has a single transmission mode in the wavelength of 0.60 
micrometers thru/or the existing wavelength of 0.90 micrometers, the wavelength of 1.20micro, or the existing 
wavelength of 1.70 micrometers. 

[Claim 9] The mode cut-off filter characterized by for said optical fiber especially having a single transmission 
mode especially in the wavelength of 0.75 micrometers thru/or the existing wavelength of 0.88 micrometers, and 
said optical waveguide having a single transmission mode in a mode, cut-off filter according to claim 8 in the 
wavelength of 1.30micro thru/or the existing wavelength of 1.65 micrometers. 

[Claim 10] The mode cut-off filter characterized by connecting the 1st optical waveguide which has a single 
transmission mode in the 1st wavelength, and the 2nd optical waveguide which produces a multiplex transmission 
mode in the 1st wavelength of the above, and has a single transmission mode in the 2nd wavelength with 
wavelength longer than the 1 st wavelength of the above, 

[Claim 1 1] The mode cut-off filter characterized by connecting the 2nd optical waveguide which has a single 
transmission mode in the 1st optical waveguide which has a single transmission mode in the wavelength of 0.60 
micrometers thru/or the existing wavelength of 0.90 micrometers, the wavelength of 1.20micro T or the existing 
wavelength of 1.70 micrometers. 

[Claim 12] The mode cut-off filter characterized by for said 1st optical waveguide especially having a single 
transmission mode especially in the wavelength of 0.75 micrometers thru/or the existing wavelength of 0.88 
micrometers, and said 2nd optica) waveguide having a single transmission mode in a mode cut-off filter according 



to claim 1 1 in the wavelength of OOmicro thru/or the existing wavelength of 1.65 micrometers. 

[Claim 13] The optical transmitter-receiver characterized by having the light source, a photo detector, claim 1, 

or the mode cut-off filter of 1 2. 

[Claim 14] It is the optical transmitter-receiver characterized by said light source being the semiconductor 
device formed on the GaAs substrate in the optical transmitter-receiver of claim 13 publication. 
[Claim 15] It is the optical transmitter-receiver characterized by said photo detector being the semiconductor 
device formed on Si substrate in the optical transmitter-receiver of claim 13 publication. 

[Claim 16] It is the optical transmitter-receiver characterized by said photo detector being the semiconductor 
device formed on the GaAs substrate in the optical transmitter-receiver of claim 13 publication. 



[Translation done,] 



<.- 



L I 

* NOTICES * 



JPO and NCI P I are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to a mode cut-off filter and an optical transmitter-receiver. 
[0001] 

[Description of the Prior Art] The optical fiber called the so-called single mode fiber is used widely. Although 
this is the generic name of the optical fiber with which only what has a single transmission mode exists in a wide 
sense, in the wavelength of 1.2 micrometers or more of outlines, a transmission mode points out a single optical 
fiber to a narrow sense. In the single mode fiber of such a narrow sense, the core diameter was usually about 10 
micrometers. 

[0002] It is known that two or more transmission modes will stand on it if it is going to let 0.78-micrometer light 
pass to the single mode fiber of such a narrow sense. Drawing 4 is the schematic diagram showing such relation. 
It is in drawing 4 (a), and when Da is 10 micrometers, and it is lambdaa=1.3micrometer, only the single mode 
spreads. However, when this is lambdab^O^microrneter, as shown in drawjng 4 (b), two or more transmission 
modes will arise. If a core diameter Db=6micrometer optica! fiber is used in the case of lambdab=0.78micrometer, 
also in lambdab, a transmission mode will become single. 

[0003] It is known that the problem of the delay between the modes resulting from the optical path difference 
between transmission modes (DMD:Differencial Mode Delay) will arise if there are two or more transmission 
modes, and the upper limit of transmission speed will fall remarkably. Therefore, when performing high-speed 
optical communication, it cannot be used in the condition that two or more transmission modes stand. 
[0004] The thing with a wavelength of 1.3 micrometers (or wavelength of 1.5 micrometers) of the semiconductor 
laser which is the light source for optical transceiver machines on the other hand is expensive compared with a 
thing with a wavelength of 0.78 micrometers (or wavelength of 0.85 micrometers). The semiconductor laser of 
long wavelength (wavelength of 1.2 micrometers thru/or 1.70 micrometers) is made for this on an InP substrate, 
and it originates in the semiconductor laser of short wavelength (wavelength of 0.6 micrometers thru/or 0.9 
micrometers) being formed on a GaAs substrate. The semiconductor laser of short wavelength is produced in 
large quantities for [, such as a compact disk and DVD, ] optical disks, and the price of a related ingredient, a 
related manufacturing facility, etc, have fallen. On the other hand, since the application had been restricted to 
optical communication, the semiconductor laser of an InP system had the ingredient and the expensive 
manufacturing facility. 

[0005] Moreover, since the photodiode made from Si or the photodiode made from GaAs was used with short 
wavelength (wavelength of 0.6 micrometers thru/or 0.9 micrometers) also about the photodiode which is a light- 
receiving device, it was cheap. On the other hand, that [ long wavelength (wavelength / of 1.2 micrometers / 
thru/or 1.70 micrometers) ] was expensive in order to be made from InP. 
[0006] 

[Problerrt(s) to be Solved by the Invention] In recent years, it craves for the optical transmitter-receiver of a low 
price in the so-called access network For low-pricing, the optica! transmitter-receiver of the above-mentioned 
short wavelength is more advantageous by the above-mentioned reason. However, it is in a difficult situation for 
a lot of single mode fibers (above a long wave setting to a long field optical fiber with a single transmission mode) 
to already be laid, and to lay the optical fiber with which core diameters differ newly. 

[0007] This invention aims at a transmission mode realizing an usable short wave Nagamitsu transmitter- 
receiver in a single optical fiber in a long wavelength field in view of such a situation. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the optical 
transmitter^receiver of this invention was equipped with the mode cut-off filter which connected and 
constituted an optical fiber or optica! waveguide with a single transmission mode in an optical fiber or optical 
waveguide with a single transmission mode, and short wavelength (wavelength 0.6 thru/or 1.0 micrometers) in 
long wavelength (wavelength 1.2 thru/or 1.7 micrometers). Since the higher mode produced when a transmission 
mode transmits the light of short wavelength to a single optical fiber in long wavelength by this configuration is 
removable, it becomes possible to perform broadband transmission using the short wave Nagamitsu transmitter - 



receiver carrying a cheap luminescence device and a light-receiving device. Moreover, it is characterized by 
choosing the operating wavelength (wavelength 1.30 thru/or 1.65 micrometers) of cheap GaAs-AIGaAs 
semiconductor laser (wavelength 0.75 thru/or 0.88 micrometers) and the most general optical single mode 
optical fiber for a communication link especially. By this configuration, it is low cost most and a large application 
field can be expected, 
[0009] 

[Embodiment of the Invention] example ****** explanation of the following and this invention — it carries out. 
[0010] The schematic diagram of the 1st example of the optical transmitter-receiver of this invention is shown 
in [1st example] dravyjngj . The optical transmitter-receiver 10 of this invention consists of semiconductor laser 
1, the photodiode 2, the WDM (wavelength multiplexing) optical fiber coupler 3 f and the mode cut-off filter 4. 
Semiconductor laser 1 uses the AIGaAs system laser which grew on the GaAs substrate. Moreover, the photo 
detector 2 uses the Si-PIN photodiode which grew on Si substrate. 

[001 1] In the interface 9, as for the mode cut-off filter 4, the optical fiber 7 of core diameter B (= 6 
micrometers) and the optical fiber 8 of core diameter A (= 10 micrometers) are welded so that the shafts of both 
optical fiber may carry out abbreviation coincidence. As for light with a wavelength of 0.78 micrometers (or 0.85 
micrometers), only the single mode is transmitted in the optical fiber 7 side of the mode cut-off filter 4. the light 
of such short wavelength from an optical fiber 7 side — the minimum by the side of an optical fiber 8 — it 
combines with the following mode. 

[0012] Although light with a wavelength wavelength of 0.78 micrometers (or 0.85 micrometers) can spread two or 
more transmission modes in the optical fiber 8 side of a mode cut-off filter, among the light from an optical fiber 
8 side, with the core of an optical fiber 7, the light of transmission modes other than the lowest order mode of 
an optical fiber 8 will not be able to exist, but will be emitted to the cladding layer of an optical fiber 7, and will 
be decreased. 

[0013] if it works so that only the lowest order mode of the established optical fiber for transmission with a thick 
core diameter may be excited if it is in a transmitting side since the mode cut-off filter 4 shows the above 
behavior, and it is in a receiving side — the minimum of a fiber with a thick core diameter — to remove the 
modes other than a degree will be served. By the transmitting side, even if it excites only the lowest order mode 
of an optical fiber with a thick core diameter, the mode transformation from lowest order mode to the higher 
mode arises in a part for the bend section of an optical fiber etc., and the problem of the above-mentioned delay 
between the modes may be caused. A mode cut-off filter can remove the higher-mode light produced by such 
mode transformation in the receiving side. 

[0014] In addition, although preparing a mode cut-off filter only in a receiving side is also considered and there is 
nothing that there is nothing, when a lot of higher mode is generated at the time of transmission, the mode 
transformation from the higher mode to lowest order mode may happen. In this case, where [ on a transmission 
line ] mode transformation arises, and into the light of the lowest order mode received since ********** t a 
phenomenon equivalent to mode Seki delay arises substantially, and a transmission band is restricted. Therefore, 
it is desirable to form the mode cut-off filter 4 in both transmitter-receipt side. The 1st example of this 
invention shown in draw[ng_l fulfills such conditions. 

[0015] As for the wavelength of semiconductor laser 1, 0.78 micrometers thru/or 0.85 micrometers are used in 
(drawi ng 1 . The light (for example, wavelength of 0.78 micrometers) from semiconductor laser 1 is sent out from 
a transmit port 6 through the WDM coupler 3 and the mode cut-off filter 4 outside. The sent lightwave signal (for 
example, wavelength of 0.85 micrometers) is sent to a photodiode 2 through the mode cut-off filter 4 and the 
WDM coupler 3 from the outside on the contrary. 

[0016] Moreover, if possible, the optical transmitter-receiver which set wavelength of semiconductor laser 1 to 
0.85 micrometers is prepared for this optical transmitter-receiver and pair. In this case, in drawing 1 , the light 
(wavelength of 0.85 micrometers) from semiconductor laser 1 is sent out from a transmit port 6 through the 
WDM coupler 3 and the mode cut-off filter 4 outside. The sent lightwave signal (for example, wavelength of 0.78 
micrometers) is sent to a photodiode 2 through the mode cut-off filter 4 and the WDM coupler 3 from the 
outside on the contrary. 

[0017] Drawing 2 is the schematic diagram showing the situation of the communication link by the optical 
transmitter-receiver of this invention. 1st optical transmitter-receiver 10a transmits light with a wavelength of 
0.78 micrometers, and 2nd optical transmitter 10b is designed so that 0.85-micrometer light may be transmitted. 
For this reason, wavelength is changed by going up and going down with one optical fiber, and the so-called 1 
heart bidirectional transmission is realized. 

[0018] In addition, although this example showed the optical transmitter-receiver of 1 heart bidirectional 
transmission, it cannot be overemphasized that this invention is applicable to the optical transmitter-receiver 
using a separate optical fiber by the transmitting line and the receiving line. Moreover, in this example, although 
the method which changes wavelength by going up and going down was adopted, it is also possible to apply this 
invention in the 1 heart bidirectional transmission system using the same wavelength by going up and going 



down. In that case, what is necessary is to replace with the WDM light coupler 3 and just to use the usual optical 
fiber coupler in drawing t . 

[0019] Moreover, although the AIGaAs system laser (wavelength 0.75 thru/or 0.88 micrometers) which grew on 
the GaAs substrate as semiconductor laser 1 of the light source was used in this example, it is also possible to 
use the AIGaAs-GalnAs distortion quantum well laser (wavelength of 0.9 micrometers thru/or 1.0 micrometers) 
which grew on the AIGalnP system laser (wavelength of 0.63 micrometers thru/or 0.68 micrometers) which grew 
on the GaAs substrate, or a GaAs substrate. Furthermore, it is also possible to use the light emitting diode of 
the same ingredient system as the above instead of semiconductor laser. The light emitting device which grew 
on these GaAs(es) substrate can be manufactured to low cost compared with the light emitting device which 
grew on the InP substrate. And especially AIGaAs system laser (wavelength 0.75 thru/or 0.88 micrometers) is 
low cost in this. Therefore, as for the property of the mode cut-off filter 4, it is desirable especially to design 
according to this wavelength field. 

[0020] Moreover, although ShPIN diode was used by this example as a photo detector 2, Si-APD of high 
sensitivity may be used. The photodiode which grew on Si substrate can be manufactured by low cost rather 
than the photo detector which grew on the InP substrate. However, light-receiving sensibility has sensibility only 
in short wavelength from near 1.0 micrometer. Moreover, it can replace with Si system photodiode and a GaAs 
system photodiode can also be used. A GaAs system photodiode is low cost from an InP system photodiode, and 
high-speed operation is more possible for it than Si system photodiode. If it is a GaAs system photodiode, there 
is an advantage that it is possible to make it operate at the rate of 2.5Gbps or 10Gbps. Si system photodiode is 
difficult for the actuation by 2.5Gbps or more. 

[0021] And there are many especially things designed so that it might be used for an established single mode 
fiber in 1.3 to 1.65 micrometers, and it is desirable especially to double the property of the mode cut-off filter 4 
with this wavelength field. 

[0022] [2nd example] drawin g 3 is the plan showing the optical transmitter-receiver of the 2nd example of this 
invention. In this example, on the plane optical waveguide substrate 11, the WDM coupler 14 is constituted and 
the mode cut-off filter 13 is formed by the joint 13 of an optical fiber 12 and the plane waveguide substrate 1 1. 
About semiconductor laser 1 and a photo detector 2 r it is the same as that of the 1st example shown in drawing 
1 . The mode cut-off filter 13 in this example has made small the cross section of the waveguide 15 on the plane 
optical waveguide substrate 11, and it is made to be a single mode by the short wavelength side. Since an optical 
fiber 12 is the usual single mode optical fiber for transmission (long wave merit optical fiber with a single 
transmission mode), in short wavelength, two or more transmission modes exist in the optical fiber 12. A mode 
cut-off filter is realizable by connecting an optical fiber 12 with optical waveguide 15 as mentioned above. 
[0023] this example — a short wavelength side — the plane optical waveguide of a single mode, and a long wave 
— although the mode cut— off filter was constituted from a merit side combining the optical fiber of a single 
mode — opposite — a short wavelength side — the optical fiber of a single mode, and a long wave — a mode 
cut-off filter can also consist of merit sides combining the plane optical waveguide of a single mode. 
Furthermore, a mode cut-off filter can also be made from a short wavelength side combining the plane 
waveguide of a single mode by the plane optical waveguide [ of a single mode ], and long wavelength side. 
[0024] Moreover, although the cross section of optical waveguide was changed and the transmission mode was 
changing the single wavelength range in the above-mentioned explanation or it changed the core diameter of an 
optical fiber, a transmission mode is able to change single wavelength by changing not a core diameter but the 
refractive-index difference of a core and a clad. 
[0025] 

[Effect of the Invention] according to the optical transmitter-receiver which carried the mode cut-off filter of 
this invention — a low price short wave Nagamitsu transmitter and an established long wave — the broadband 
signal transmission which the problem of delay between the modes does not produce is realizable using the 
single mode optical fiber for merits. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is the schematic diagram showing the configuration of the optical transmitter-receiver of the 1st 
example of this invention. 

©rawing 2] It is the schematic diagram showing the situation of the communication link by the optical 
transmitter-receiver of the 1st example of this invention, 

[Drawing 3] It is the plan showing the configuration of the optical transmitter-receiver of the 2nd example of this 
invention. 

IBrawing„4] It is a schematic diagram explaining a transmission mode becoming single with a core diameter and 
wavelength, or becoming plurality. 
[Description of Notations] 

1 — Semiconductor laser, 2, — photo detector, 3 — WDM (wavelength multiplexing) optical fiber coupler, 4 — A 
mode cut-off filter, 6 — The input/output port of the optical transmitter-receiver 10, 7 — The 1st optical fiber 
(in short wavelength, a transmission mode is single), 8 — The 2nd optical fiber (in long wavelength, a 
transmission mode is single), 9, the welding side of the 1st optical fiber 7 and the 2nd optical fiber 8, 10, 10a, 10b 
[ — A mode cut-off filter, 14 / — A WDM (wavelength multiplexing) optical fiber coupler, 15 / — Optical 
waveguide. ] — The optical transmitter-receiver of the 1st example, 11 — A plate-like optical waveguide 
substrate, 12 — An optical fiber, 13 
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So ye^T^^7ftij5&^cor^i; 5ftfijfe*«>*tt3te^ 
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fl&^&SO. 7 8 urn (fo&W$.Q. 85nm)<Dft 
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-3- 



5 

[0015] Hi fctsi^T, ^Wfcv— 1 coiSAf^ 

0, 78j«m4^l0. 8 ¥ 
^r{$U ifl^bcojfi (M;LfiiBtfiO. 78/im) flW 

tcftin^ (M 0 . 8 5 ju m) f*=e— K* ^7 
>f/V^4, WD M^? ^7 3 1 7 h ^- K 2 ^ 

[0 0 16] Sfc, r^*MfHlt»^5^<, * 
# y h 7 4 >\>9 4 SrftT3S«sK— h 6 J: «9 ^SR—^tti S 

0 . 78^m) fi^E— K# ?/ h 7 -Y 4 N WDM# ~f 
[0 0 17] H2tt*3BWO*iilge»^J;5iBff<D« 

^ ^^i-ffltn&m-efc^o 3? 1 <ajte3£S{ffl8 1 o a attft 

0. 7 8/im^j£S:iS«U *2 0*aff«l 0 bti 

[0018] 3&*3, **it«T?tt— KSE*r6]ea6(o*ai 
dm^^7 3i-Rxr, i^3fc7 7^f ^ft-fy^m 

[0019] **JK«-Ctt*JR^*aifr^— if l 

i: LTG a A sSffi±i:j*filfcA 1 G a A sS^f 
OfcftO. 75^^10. 8 8/xm) SrJBV^fcy&S. Ga 
A s mS.±{CjfcM Lfc A 1 G a InPl 9* 
0. 63jtzm?iV^L0. 6 8/zm) &6V^GaAsS 
J&Jifc/ifcgLfcA IGaAs-GalnA s 

rtfcnrflB-e&So s&k:, 9 t "Ctt*< its 

fe3o ^^bG a A s Lfc?£ft*?-f3 I n 

■pTBi-efeSc ^tt, - C0^-C#JCA lGaAs|l/- 
D* (SfiO. 7 5 4V^U0. 8 8^m) fift^^K* 

[0 0 2 0] §5fe^ 2 t LT#SHfcft|-e«: S i 
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T*t5 0 GaAs»7*h^*-minP^f 
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S i ^7^- hV4Jr— KI3 2. 5G b p s£t._hT*<DBW 

[0 0 2 1] -ttbj&ifc, gCKw^^^*— K77^^ 
fclttl. 3j»mi»6l. 6 5 m mCO^ISTifi^tia «t 9 

[0 0 2 2] [f2 3SJEM] El 3 tt*»B<Oj|S 2 ^Jgf^iJ 
1 — 1^1. g7te^2t-ov^T^HIl^LfcMl^JE 

?i3 tt^pffittjtwiftttstE 1 1 ±(ommm 1 5 <omm 

^^K^#6tt^5 0 JiSE^J:5S-fft«ilSS&i 
30 5 i3fe7 7 -f^l 2 SrSaR-TSr t K±ot*- K* ^ 

[0 0 2 3] **ftW^J4fijfiftfl«^i^>'^/^— Kco 

¥Bm«Bk*ltMir/ym- K©*77-r 

36S, RSttc. H»ft>T'>^//^ K^jfc77^^t 
ttt^ K* y h 7 -f ^ Srt^t 5 r 1 1 -es 5, § 

[0 0 2 4] ±ffi^|feP^Ti-i, i77-f^^7 
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